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VASCULAR WOUND CLOSURE SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to a system Which assists in 
the closure of puncture or other Wounds in the vasculature of 
a patient. Speci?cally, the invention relates to devices Which 
aid in locating and isolating the Wound in the vasculature 
and guiding an appropriate Wound closure device to the site, 
so that the Wound may be closed using surgical clips, 
sutures, or staples. 

BACKGROUND OF THE INVENTION 

Transluminal balloon angioplasty is used in the treatment 
of peripheral vascular disease to increase or restore blood 
?oW through a signi?cantly narroWed artery in a limb; it is 
also used in the treatment of blockage of the coronary 
arteries. In fact, coronary angioplasty has emerged as a 
major viable alternative to bypass surgery for revasculariZa 
tion of stenotic and occluded coronary arteries. Unlike 
bypass surgery, angioplasty does not require general 
anesthesia, opening of the chest Wall, use of a heart-lung 
machine, or transfusion of blood. Angioplasty is not only 
less invasive and less traumatic to the patient, it is also less 
expensive because of the shorter hospital stay and shorter 
recovery time. 

Transluminal balloon angioplasty is performed by ?rst 
inserting a holloW needle through the skin and into the 
patient’s femoral artery. A guideWire is advanced through 
the holloW needle and into the artery, then along the patient’s 
vasculature toWard the site of the blocked blood vessel or 
heart valve to be treated. X-ray imaging is used to help move 
the guideWire through the vascular system and into position 
just past the stenosis to be treated. Aballoon catheter is then 
threaded over the guideWire and advanced until the de?ated 
balloon is Within the stenosis. The balloon is then repeatedly 
in?ated to Widen the narroWed blood vessel. After the 
procedure is complete, the catheter and guideWire are With 
draWn from the blood vessels and the patient. 

Angiography, Which is used to detect diseases that alter 
the appearance of blood vessels, is performed in a similar 
manner. A holloW needle is ?rst inserted through the skin 
and into the femoral artery, and a guideWire is then inserted 
through the needle and into the affected blood vessel. A 
catheter is then threaded over the guideWire and into the 
blood vessel to be examined, using x-ray imaging to guide 
the catheter to the desired position. Contrast medium is then 
injected, and a rapid sequence of x-ray pictures are taken so 
that blood ?oW along the affected vessel can be studied. 
Once complete, the catheter and guideWire are removed 
from the patient’s body. 

After the catheter and guideWire used during angioplasty 
or angiography are removed, the puncture Wound in the 
femoral artery must be closed and the bleeding through the 
puncture site in the artery stopped. Currently, ice packs 
and/or pressure are applied to the artery for a period lasting 
up to several hours in an attempt to stop the bleeding. There 
exists, hoWever, a signi?cant chance that upon movement by 
the patient, the Wound Will reopen and begin bleeding again. 
Although efforts have been made to close the puncture 
Wound using staples, clips, and sutures, they have been 
unsuccessful, largely due to the inability to clearly locate 
and visualiZe the puncture Wound in the femoral artery. 

Other Wounds in the vasculature of a patient can also be 
dif?cult to locate and access. Thus, a device and method to 
facilitate the closure Wounds in the vasculature of a patient, 
such as femoral artery puncture Wounds folloWing translu 

15 

25 

35 

45 

55 

65 

2 
minal balloon angioplasty and angiography, Would be 
extremely bene?cial. A device having the ability to aid in 
locating the puncture Wound and facilitating the closure of 
the Wound using staples, clips, or sutures Would eliminate 
the prolonged bleeding currently associated With such 
Wounds. 

SUMMARY OF THE INVENTION 

An apparatus for facilitating closure of an opening in a 
blood vessel, includes a closure instrument having an elon 
gated member de?ning a longitudinal axis With proximal 
and distal ends. The elongated member has a vacuum lumen 
extending at least a portion of the length thereof for con 
veying a vacuum and terminating in a vacuum port adjacent 
the distal end of the elongated member. The distal end of the 
elongated member is dimensioned to be positioned proximal 
a vessel opening in a blood vessel Whereby vessel edge 
portions de?ning the vessel opening are at least draWn 
toWard the vacuum port in response to a vacuum conveyed 
through the vacuum lumen. At least one surgical clip, 
preferably, tWo, are mounted adjacent the distal end of the 
elongated member and is adapted to be formed to an at least 
partially formed condition thereof. The one clip is positioned 
With respect to the vacuum port to engage the vessel edge 
portions draWn toWard the vacuum port upon movement of 
the one clip to the formed condition thereof to generally 
approximate the vessel edge portions to at least partially 
close the vessel opening. 
The apparatus may further include a clip forming member 

mounted to the elongated member and engageable With the 
one clip. The clip forming member is movable relative to the 
elongated member to move the one clip to the formed 
condition thereof. Preferably, ?rst and second clip forming 
members are mounted to the elongated member in diametri 
cally opposed relation. 

In another preferred embodiment, an apparatus for facili 
tating closure of an opening in a blood vessel, includes an 
elongated member having a vacuum lumen extending at 
least a portion of the length thereof for conveying a vacuum 
and terminating in an axial vacuum port, a source of vacuum 
connectable to the elongated member in communication 
With the vacuum lumen Whereby vacuum forces conveyed 
through the vacuum lumen and vacuum port causes vessel 
edge portions de?ning the vessel opening to be at least 
partially draWn into the vacuum port such that the vessel 
edge portions assume a general everted condition, and a pair 
of surgical clips releasably mounted to the distal end of the 
elongated member adjacent the vacuum port and positioned 
to engage the vessel edge portions draWn into the vacuum 
port upon movement of the surgical clips to respective 
formed conditions thereof to thereby approximate the vessel 
edge portions to at least partially close the vessel opening. 
The apparatus may further include a manually actuable clip 
forming mechanism mounted to the elongated member. The 
clip forming mechanism is movable to move the surgical 
clips to respective formed conditions thereof. 
A method for closing a vessel opening in a blood vessel 

is also disclosed. The method includes the steps of applying 
a vacuum to the blood vessel adjacent the vessel opening 
such that vessel edge portions de?ning the vessel opening 
assume an everted condition, and deploying a surgical clip 
adjacent the vessel opening Whereby the surgical clip gen 
erally approximates the vessel edge portions to at least 
partially close the vessel opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side vieW of a portion of a human body, 
shoWing the site Where the femoral artery is typically 
accessed and punctured during angioplasty or angiography. 
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FIG. 2 is a perspective vieW of one embodiment of the 
Wound closure device of the present invention. 

FIG. 3 is an exploded perspective vieW of the Wound 
closure device of the present invention. 

FIG. 4 is a cross-sectional vieW of a portion of a human 
body, shoWing the femoral artery accessed via a holloW 
needle, and a guideWire having an in?atable balloon 
attached, inserted through the holloW needle and into the 
femoral artery. 

FIG. 5 is a side vieW of the distal end of a surgical clip 
applicator to be used in conjunction With the Wound closure 
device of the present invention. 

FIG. 6 is a partial cross-sectional vieW of a portion of a 
human body, shoWing the femoral artery having a guideWire 
positioned therein, and a perspective vieW of the retractor of 
the present invention positioned over the guideWire, With its 
distal tip at the site of the puncture in the femoral artery. 

FIG. 7 is a side vieW of the retractor With its cap removed 
and the Wings of the surgical clip applicator inserted into the 
grooves Within the retractor. 

FIG. 8 is a cross-sectional vieW of the clip applicator and 
retractor taken along line 8—8 in FIG. 7. 

FIG. 9 is a perspective vieW of an alternate embodiment 
of a femoral artery closure device in accordance With the 
present invention. 

FIG. 10 is an exploded perspective vieW of the alternate 
embodiment of the femoral artery closure device illustrated 
in FIG. 9. 

FIG. 11 is a side vieW of the 2 halves of the retractor of 
FIGS. 9 and 10 separated slightly and having a dilator 
inserted therethrough. 

FIG. 12 is a cross-sectional vieW of the distal end of the 
retractor having a dilator and a guideWire inserted there 
through. 

FIG. 13 is a side vieW of the components of the femoral 
artery localiZation and closure assembly. 

FIG. 14 is a side vieW of the 2 halves of the retractor 
separated slightly and having a surgical clip applicator With 
an applicator guide and a guideWire inserted therethrough. 

FIG. 15 is a top vieW of the surgical clip applicator guide 
of the present invention. 

FIG. 16 is a side vieW of the clip applicator guide, having 
a guideWire inserted therethrough. 

FIG. 17 is an enlarged perspective vieW of a dilator having 
a removable double-sleeved balloon at its distal end. 

FIG. 18 is an enlarged perspective vieW of the dilator of 
FIG. 17 With the sleeves of the balloon in?ated. 

FIG. 19 is an enlarged perspective vieW of the dilator of 
FIG. 18 having the retractor inserted betWeen the sleeves of 
the balloon. 

FIG. 20 is an enlarged perspective vieW of the dilator and 
retractor of FIG. 19 With the dilator removed, illustrating the 
tunnel formed by the retractor and the outer sleeve of the 
balloon. 

FIG. 21 is a perspective vieW of another alternate embodi 
ment of a retractor in accordance With the present invention. 

FIG. 22 is an exploded perspective vieW of the alternate 
embodiment of the retractor illustrated in FIG. 21. 

FIG. 23 is a perspective vieW of an alternate embodiment 
of a dilator having a double-sleeved balloon and a distal 
balloon mounted thereon in accordance With the present 
invention. 

FIG. 24 is a top vieW of another embodiment of the 
double-sleeved balloon, illustrating the I-shaped inner 
sleeve. 
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4 
FIG. 25 is a perspective vieW of the alternate embodiment 

of the dilator of FIG. 23, shoWing the balloons in?ated. 
FIG. 26 is a cross-sectional vieW of the dilator of the 

present invention, illustrating the various lumens in the 
dilator. 

FIG. 27 is a side vieW of the distal end of a surgical clip 
applicator With an indicator tube mounted thereon. 

FIG. 28 is a perspective vieW of an alternate embodiment 
of a retractor of the present invention, shoWn in a closed 
position. 

FIG. 29 is a perspective vieW of an alternate embodiment 
of a retractor of the present invention, shoWn in an open 
position. 

FIG. 30 is a side vieW of a dual-lumen indicator tube of 
the present invention, having a guideWire inserted through 
its central lumen. 

FIG. 31 is a side vieW of the dual-lumen indicator tube of 
the present invention, With the retractor mounted thereon. 

FIG. 32 is a perspective vieW of an apparatus for facili 
tating closure of an opening in a vascular organ illustrating 
the vascular closure instrument and a vacuum source con 
nected to the closure instrument. 

FIG. 33 is an enlarged isolated vieW of the distal end of 
the closure instrument illustrating the pair of clips releasably 
mounted to the instrument. 

FIG. 34 is a cross-sectional vieW of the closure instrument 
in a non-actuated condition illustrating positioning of the 
distal end of the closure instrument proximal the vascular 
opening. 

FIG. 35 is an enlarged isolated vieW of the distal end of 
the closure instrument in the non-actuated condition proxi 
mal the vascular opening. 

FIG. 36 is a cross-sectional vieW of the closure instrument 
illustrating the closure instrument in an actuated condition. 

FIG. 37 is an enlarged isolated vieW of the distal end of 
the closure instrument in the actuated condition illustrating 
the surgical clips formed to close the vascular opening. 

FIG. 38 is a perspective vieW of an alternate embodiment 
of the vascular closure instrument of FIG. 32. 

FIG. 39 is an enlarged isolated vieW of the distal end of 
the closure instrument of FIG. 38. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Introduction 

Although the description Which folloWs details the closure 
of a puncture Wound in a femoral artery, the present inven 
tion is not intended to be limited to use only With the femoral 
artery. Rather, the description Which folloWs is exemplary 
only, and those of skill in the art can readily modify the 
method described beloW to use With other types of Wounds 
to the vascular system. 
The folloWing description provided in connection With 

FIGS. 1—31 is disclosed in US. application Ser. No. 08/984, 
757, ?led Dec. 4, 1997, US. application Ser. No. 08/943, 
369, ?led Oct. 3, 1997, US. application Ser. No. 08/764,611, 
?led Dec. 5, 1996, Which claims the bene?t of US. Provi 
sional Application Serial No. 60/009,643 ?led Dec. 7, 1995, 
the contents of each application being incorporated herein 
by reference. 

Referring ?rst to FIG. 1, there is shoWn a side vieW of a 
portion of a human body, shoWing a site 5 Where a femoral 
artery 10 is typically accessed and punctured during angio 




















